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Assistant Commissioner for Patents 
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CERTIFICATION UNDER 37 C.FJl« ft 1.10* 
(Express Maff labef number is mmndmtory,) 
Express Mail certification is optionaf,} 

I hereby certify that this Transmittal Letter and the papers Indicated as being transmitted therewith is being 
deposited with the United States Postal Service on this date M^^r-gh ] 7 7000 in an envelope as 
•Express Mail Post Office to Addressee" Mailing Isabel Number EL530412b89US addressed to the: 
Assistant Commissioner for Patents, Washington, D,C. 20231. 



mailing paper) 




WARNiNQ: 



*WARNiNQ: 



signature of person mailing pap 

Certificate of mailing (first dass) or facsimile transmission procedures of 37 C.F.R. § 1.8 cannot be 
used to obtain a date of mailing or transmission for this correspondence. 

Each paper or fee fifed by "Express Mair mu^have the numtyerofthe "Express Mail" mailing label 
placed thereon prior to mailing, 37 C,F,R, § 1.10(b). 

"Since the fiiing of correspondence under § 1. 10 without the Express Mail mailing label thereon 
is an oversight that can be avoided by the exerdso of raasonat>te care, requests for waiver of this 
requirement will not be granted on petition." Notice of Oct. 24, 1996, GOFed. Reg, 66,439, at 56,442. 
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A/07H: To mvoid abandonmont of tho appHcation, ttw t^jplhant shalt furnish to tho USPTO, not (ator than 20 
months from tho pdodty data: 0) a copy of the kitanmtion^ application^ unlass it has boon proviousfy 
communicated by the Intemationai Bureau or untess It was odglnalty filed In the USPTD; and (2} the 
basic national fee (see 37 C.F.R § r4B2(a)), The SO-month time ffm« may not be extended, 37 C.F.R 
§ 1,495, 

WARNING: Where ttie items are those which can be submitted to complete ttw entry of the intemationai 
application into tiw national phase are sut>sequent to 30 months from the priority date the 
application is stiil considered tobeintiie intematiorjal state arid If mailing procedures are utiiiiied 
to obtain a date the express malt procedure of 37 C.F.R § 1,10 must be used (since Intemationat 
application papers are not covered by an ordinary certificate of maliir}ff—^ee 37 C.F.R § 1.8, 

W07E; Documents and fees must be clearly identified as a submission to enter the national state under 35 
U,S,C. § 371 otherwise ttie sutxnission ¥/Ul be considered as being made under 35 US.C. § 111, 37 
C.F.R § 1,494^, 

I. Applicant herewith submits to the United States Elected Office (EO/US) the following 
items under 35 U.S.C, § 371: 

a. H This express request to immediately t^egin national examination procedures 

(35 U.S.C. § 371(f)). 

b. S The U.S. National Fee (35 U.S.C. § 371 (c)(1)) and other fees (37 C.F.R, § 1 .492) 

as Indicated below: 
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2. Fees 



ClAMS 
FEE 


(1) FOR 


(2) NUMBER 
FILED 


(3) NUMBER 
EXTRA 


(4) RATE 


(5) CALCULA- 
TIONS 




TOTAL 
CLAIMS 














11 -20 = 


0 


X $iaoo= 


$ 




INDEPENDENT 
CLAIMS 


3 -3 = 


0 


X $78,00 = 






MULTIPLE DEPENDENT CLAIM(S) (if applicable) 


+ $260.00 




BASIC FEE" 


□ PTO WAS INTERNATIONAL PREUMINARY EXAMINATION 
AUTHORITY 

Whora an Intematioaal prattrntnary examination fee aa set forth 
in 3 i«wmC nBS Doon paiu ori ma trnBiiiaiKHiai BpptiCauOfi lo ino 
U^PTO: 

Q and the international prenminary examination report 
states that the criteria of novelty, Inventive step (non- 
obviousoess) and industrial activity, as defined in POT 
Article 33(1) to (4) have been satisfied for aO the 
claims presented in the application entering the 
national stage (37 C,F.R. § AA9Z^){4)) $96X)0 

LJ wiQ mo bdovo rec|tJiroiiMiiis sra noi iiwi |of v«r*rLi 

§ 1,4a2(a)(1)) $670.00 

^ UJ^ PTO WAS NOT INTERNATIONAL PREUMINARY 
EXAMMATION AUTHORITY 

Where no irrtemational preliminary examination fee as set forth 
In § 1^482 has been paid to the U.S. PTO, af>d payment of an 
Internatiorwl search fee as set forth in $ 1.445(a)(2) to the U^ 
PTO: 

□ has been paid (37 CJFJL § 1.4a2(a)(2}) $760.00 

□ has not been paid (37 CJFJL § 1v4d2(a)(3)) $970.00 

(2 wtiere a search report on the International application 

has been prepared by the European Patent Office or 

the Japanese Patent Office (37 C.FJL 

§ 1.4Q2(a)(S)) $840.00 


840,00 




Total of atx>ve Calculations 


cs^u • uu 


SMALL 
ENTTTY 


Reduction by 1/2 for flUng by small entity, If applicabte. Affidavit 
must be filed also, (note 37 C.F.R. § 1.0, 1.27, 1.28) 






Subtotal 


840.00 




Total National Fee 






Fee for recording the enclosed assignment document $40.00 (37 
C.F.a fi 1J21(h)}. (See Hem 13 below). See attached "ASSIGNMENT 
COVER SHEET*. 




TOTAL 


Total Fees enclosed 


,840.00 
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•See attached Preliminary Amendment Reducing the Number of Claims. 

I. £t A check In the amount of $840.00 to cover the above fees is enclosed. 

li. □ Please charge Account No. in the amount of $ 

A duplicate copy of this sheet Is enclosed. 
**WAHNINQ: To avoid abandonmont of the eppiication the applicant shatt furnish to the United States Patent 
and Tmdemafk Office not later than the expiration of 30 months from the priority date: * * * (2) 
the basic nationai fee (see § 1.492(a}), The SO-month time iimtt may not be extended, "37 C.ER 
J 1,495{f)). 

WAHNiNQ: If ttie translation of the international application and/or ttie oath or declaration have not been 
submiUed by the applicant within thirty (30) months from the priority date, such requlren^ents may 
be met within a time pefiodset by the Office, 37 C.KR § 1, 495(b)(2). The payment of the surcharge 
set forth In § 1.492(e) is required as a condition for accepting the oath or declaration later than 
thirty (30) months after the priority date. The payment of the processing fee set forth in § 1.492(f) 
is requited for acceptance of an English translation later than thirty (30) months after the priority 
date. Failure to comply with these requirements will result in abaridonment of the application. The 
provisions of § 1.136 apply to the period which is set. Notice of Jan. 3, 1993, 1147 O.G. 29 to 
40. 

3. 0 A copy of the International application as filed (35 U.S.C. § 371(c)(2)): 

NOTE: Section 1.495 (bj was amended to require that the basic national fee and a copy of the International 
application must be filed with the Office by 30 months fiwn the priority date to avoid abandonment. 
Ihe International Bureau rK>rmaiiy provides the copy of the international application to the Office in 
accordance with PCT Article 20. At the same time, the krtemational Bureau notifies applicant of the 
communication to tf»e Office. In accordance with PCT Pule 47. t, that notice shall be accepted by ail 
designated offices as conclusive evidence that the communication has duly taken place. Thus, if the 
applicant desires to enter the national stage, the applicant normally need only check to be sure the 
notice from the U^tecnational Bureau has been received and then pay the basic national fee by 30 months 
from the priority date." Notice of Jan. 7, 1993, 1147 O.G. 29 to 40, at 35-36. See Hem 14c below. 

a. S Is transmitted herewith. 

b. □ Is not required, as the application was filed with the United States 

Receiving Office. 

c. 3 has been transmitted 

i. H by the International Bureau. 

Date of mailing of the application (from fomi PCT/1B/308): ^^tejmicnown 

ii. □ by applicant on (Date). 

4, a A translation of the International application Into the English language 

(35 U.S.C. § 371(c)(2)): 

a. 13 Is transmitted herewith. 

b. □ is not required as the application was filed In English. 

c. □ was previously transmitted by applicant on _ (Date). 

d. □ will follow. 
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5. 0 Amendments to the claims of the fntematfonal application under PCT Article 19 

(35 U.S.C. § 371(c)(3)): 

NOTE: Iho Notkx ofJuKHJory 7, 1993 points out that 37 C.F.R § 1.4^a) was amondod to darify tho existing 
mnd continuing pretcHoo that PCT ArUch 19 aawndrrwits must ba aubaiHtod by 30 months from the 
pdortty data and this daadtine may not be axtandad. Tha Notioa furthar advises that: Vha falfura to 
do so will not msoft in loss of tha sublect matter of the PCT Artide 19 amendnyents. Applicant may 
submft that subiact matter In a preliminary amendment fUed under section 1.121. In many cases, fUing 
an amendment under section 1.121 is preferable since grammatical or Idiomatic amors may be 
corrected.'' 1147 O.G, 29-40, at 36. 

a. □ are transmitted herewith. 

b. □ have been transmitted 

I. □ by the International Bureau. 

Date of mailing of the amendment (from form PCT/1 B/308): 

II. □ by applicant on (Date), 

c. □ have not been transmitted as 

i, □ applicant chose not to make amendments under PCT Article 19. 
Date of mailing of Search Report (from form PCT/ISA/210.): 

ii, □ the time limit for the submission of amendments has not yet expired. 
The amendments or a statement ttiat amendments have not been made 
will be transmitted t>efore the expiration of the time limit under 
PCT Rule 46.1. 

6. G3 A translation of the amendments to the claims under PCT Article 19 

(38 U.S.C. § 371(c)(3)): 

a. S is transmitted herewith, 

b. □ Is not required as the amendments were made in the English language. 

c. □ has not been transmitted for reasons indicated at point 6(c) above. 

7. (3 A copy of the international examination report (PCT/IPEA/409) 

S Is transmitted herewith. 

□ is not required as the application was filed with the United States Receiv- 
ing Office. 

8. □ Annex(es) to the International preliminary examination report 

a. □ is/are transmitted herewith, 

b. □ Is/are not required as the application was filed with the United States 
Receiving Office. 

9. n A translation of the annexes to the international preliminary examination report 

a. □ is transmitted herewith. 

b. □ is not required as the annexes are in the English language. 
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10. S An oath or doolaration of the Inventor (35 U,S.C. § 371(cK4)) complying with 

35 U.S.C, § 115 

a. □ was previously submitted by applicant on (Date). 

b. □ Is submitted herewith, and such oath or declaration 

i. □ is attached to the application, 

ii. □ Identifies the application and any amendments under PCT Article 
19 that were transmitted as stated In points 3(b) or 3(c) and 5(b); and 
states that they were reviewed by the Inventor as required by 

37 C.F.a § 1.70. 

c. 0 will follow. 

II. Other document(s) or information included: 

11. S An International Search Report (PCT/lSA/210) or Declaration under 

PCT Article 17(2){a): 

a. 0c is transmitted herewith. 

b. □ has been transmitted by the International Bureau. 
Date of mailing (from fonn PCT/lB/308): 

c. □ Is not required, as the application was searched by the United States 
International Searching Authority. 

d. □ will be transmitted promptly upon request. 

e. □ has been submitted by applicant on (Date), 

12. S An Information Disclosure Statenr>ent under 37 C.F.R. §§ 1.97 and 1.98: 

a. □ is transmitted herewith. 

Also transmitted herewith is/are: 

□ Form PTO-1449 (PTOySB/08A and 08B). 

□ Copies of citations listed. 

b. 0 will be transmitted within THREE MONTHS of the date of submission 
of requirements under 35 U.S.C. § 371(c). 

c. □ was prevlousfy submitted by applicant on (Date). 

13. S An assignment docunr^ent is transmitted herewith for recording, (in blarfc) 

A separate □ "COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPA- 
NYING NEW PATENT APPUGATION- or □ FORM PTO 1595 is also attached. 
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mA.v^^im N»j<05> FORM 13-18 13-16S 



14^ £1 Additional documents: 

a. S Copy of request (PCT/RO/101) 

b. D mtemationai Publication No. 99/14840 

i. □ Specification, claims and drawing 

ii. S Front page only 

c. □ Preliminary amendment (37 C.F.R. § 1.121) 

d. □ Other 

-Voluntary SiJibmission of Substitute Specification Under 

37 C.F.R. 1,125; - Translation of International 

Examination Report {PCr/IDEA/409) 

15. E The above checked Items are toeing transmitted 

a, © before 30 months from any claimed priority date. 

b, □ after 30 months, 

16, □ Certain requirements under 35 U.S.C. § 371 were previously sut>mitted by the 

applicant on , namely: 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 

WAJRNINQ: Accuraiefy count daims, espedaffy muftiph dependant cfaims, to avoid unexpected fUgfi Ctiafges 
if extra daims are authonzed, 

NOTE: M written request may be sutxnitted in an appOcatson that is an authorization to treat any concunvnt 
or future repiy, reqdring a /petition foran extension oftinw under this paragraph for its timeiy sutxrUssion, 
as incorporating a petition for extension of time for tfve appropriate ierygth of tkm. An authorization to 
charge ati required fees, fees under § 1.17, or a/i required extension of time fees wiU tie treated as 
a constructive petition for an extension of time in any corycurrent or future repiy requiring a petition 
for an extension of time under th^ paragraph for its timeiy sutxnisston. Sabmfssion of the fee sot forth 
k} § 1.17(a) wis aiso 6e treated as a constnx:tive petition for an extension of time in any concurrent 
reply requirU}g a petition for an extension of time under this paragraph for its timefy submission, " 37 
aF,FL § 1,13G(aX3). 

NOTE: 'Amounts of twenty-five doiiars or less wiU />of 6e returned unless spedfjcaify requested within a 
rBasonat}h time, nor witi the payer t>e notified of such amounts; amounts over twertty-five doiiars may 
bo retunrted by check or, if requested, by credU to a deposit account,' 37 § 1.26(a). 

S The Commissioner is hereby authorized to charge the following additional 
fees that may be required by this paper and during the entire pendency of 
this application to Account No. Q6-Q3Q8 . 

S 37 C.F.R. § 1.492(a)(1), (2). (3), and (4) (filing fees) 

WARNiNQ: Because faMure to pay the nationai fee within 30 months without extension (37 C.F.Ft. § 1.495(b)(2)) 
resuits in abanrSorunent of tbe application, it would be best to atways check Che above box: 
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a 37 C.F.R. § 1.492(b), (c) and (d) (presentation of extra claims) 

must only be pM or ttwte cte/ms cencetM by vmndmont prior to the wplmtionofthetime peflod 
set for tisponse^by the PTV in any notice of fee deflchncy (37 aF.R § 1M2m ft might be best 
not to m/thofim the PJO to cherx^ additional cialm fees, except pos^ 
after finai action, 

S 37 C.F.R, § 1.17 (application processing fees) 
H 37 C.F.R, § 1.17(a)(1)^5) (extension fees pursuant to § 1.136(a). 
□ 37 C.F.R. §1,18 Ossue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.311(b)) 
NOm Whoiv an autfHximtkxi to chatye the issue fee to a deposit account has 
of a Notk:e of Aiiowance. the issue fee wilt be autontaticalfy charged to the 
ofmaiiing the notice of aliowance, 37 C.F.R § 1.311^). 
NOTE- 37C.F.fl§ 1 .28(b) twjuif^s 'f4otifk:atlon of any change in loss of enmiement to sn^ 

be fiied in the application, . . prior to paying, or at the time of paying . . * ^ ^''^^^ 

of37aF.fl§ 1,26^): (a) notlfk:atlon of change of status must be made even if the fee is paid as other 
than a smaii entit/' and (t^) no notification is required if the change is to another «maff entity. 

S 37 C-F.R. § 1, 492(e) and (f) (surcharge fees for filing the declaration 
and/or filing an English translation of an International Application later 
than 30 months after the priority date). 



Reg. No.: 26,482 / 34,185 
Tel. No.: ( 216) 861-5582 

Customer No.: 



SIGNATURE OF PRACTmONER 

James W. iyicKee / Michael E. Hudzinski 
{type or print f)ame of practitionei) 

1100 Superior Avenue > Sevent±L Floor 
P.O. Address 



Cleveland r OH 44114 
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EXPRESS MML CERTIFICATE 

"Express Mail" EL530^ 12 689US 
Date of Deposit: March 11, 2000 

I hereby certify that this PRELIMINARY AMENDMENT is being 
deposited with the United States Postal Service "Express Mail 
Post Office to Addressee" service under 37 C.F.R. 1.10 on the 
date indicated above and is addressed to; Assistant Commissioner 
For Patents, Washington, D.C. 20231 





PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 
MtiLLER, et al . 

Serial No,: Unknown 

Filed: Herewith 

For: STATOR AND STATOR 

WINDING METHOD FOR USE 
WITH BRUSHLESS DIRECT 
CURRENT MOTORS 

Date of Last Office Action: 
None 

Attorney Docket No.: 
TRW 2 0256 



Examiner : Unknown 
Art Unit: Unknown 



Cleveland, Ohio 44114-251? 
March 17, 2000 



PRELIMINARY AMENDMENT 
UNDER 37 C.F.R. ^1.121 



Assistant Commissioner of Patents 
Washington, D.C. 20231 

Dear Sir: 

Prior to substantive examination of the above- 
referenced patent application, applicants respectfully 
request amendment of the application as follows: 



IN THE CLAIMS: 



Please cancel claims 2-4 and 6-10 from further 
consideration herein. 

Please amend claims 1 and 5 as follows: 

1. (Amended) [Method] A method for winding a 
stator [for] of a brushless direct current motor, [a) ] 
which has a stator body (9) with a pre-determined number 
of to be wound stator teeth (3), [b) ] wherein the stator 
5 teeth (3) are respectively wound with two coils (Wl, W3; 
W2, W4), which are magnetically coupled and which permit 
the generation of opposite magnetic fields by the supply 
of current with variable directional orientation, and [c) ] 
wherein each of the two coils (Wl, W3; W2, W4) comprises 

10 a predetermined number of conductors placed in parallel, 
[characterized in that d) the stator teeth (3) are each] 
the method comprising the steps of: 

simultaneously [wound, ] each of the stator teeth 
(3) in several partial winding steps, with [two conductors 

15 (25, 27) or] an even number of 2n conductors [, e)that one 
of the two conductors (25, 27) or] 

allocating a first set of n [conductor] 
conductors of the 2n conductors [of the one] to a first 
coil and [the other of the two conductors (25, 27) or] 

20 allocating the other set of n [conductor] conductors of 
the 2n conductors [are allocated] to the other coilj_ andj_ 
[f) that] performing a predetermined number of 
partial winding procedures [is performed] until the 
predetermined number of conductors per coil (Wl, W3; W2, 

25 W4) has been reached. 
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5. (Amended) Stator for a brushless direct 
current motor, [a) which presents] the stator comprising: 

a stator body (9) with a pre-determined number 
of wound stator teeth (3), [b) wherein] the stator teeth 
5 (3) [are] being respectively wound with two coils (Wl, W3; 
W2, W4) which are magnetically coupled and which 
facilitate by the supply of current of variable 
directional orientation the generation of [opposite] 
opposing magnetic fields [, and c) wherein] in said stator 
10 teeth; 

each of the two coils (Wl, W3, or W2, ^4) 
[comprises] including a predetermined even number of [in 
parallel arranged] 2n conductors, [characterized in that 
d) two each conductors (25, 27) of which one conductor is 

15 allocated to the one coil and the other conductor to the 
other coil, or 2n conductors, ] of which a first set of n 
[conductor is] conductors are allocated to a first one of 
the [one coil] two coils and the other n conductors are 
allocated to the other coil[, are] of the two coils; and, 

2 0 the 2n conductors being conducted over the 

stator teeth in a substantially constant position [vis-a- 
vis] relative to each other over the entire coil length. 
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Please add new claims 11-19 as follows: 

11, A coil winding method for winding a 
predetermined number of conductors (25, 27) to form a set 
of magnetically coupled coil pairs (Wl, W3, ; W2, W4/..,) 
on a plurality of stator teeth (3) of a stator body (9) in 

5 a brushless direct current motor^ each set of coil pairs 
(Wl^ VJ3f W2, W4;.,.) generating opposing magnetic fields 
in the plurality of stator teeth (3) ^ the coil winding 
method comprising the steps of: 

a) in a first partial coil winding step, 
10 simultaneously winding 2n conductors (25 ^ 21) together 

onto a first plurality of stator teeth of said stator 
body; 

b) selecting a first group n^ (25) of said 2n 
conductors and assigning the first group n^ (25) to a first 

15 coil (Wl) of said set of magnetically coupled coil pairs; 

c) selecting a second group n2 (27) of said 2n 
conductors and assigning the second group n2 (27) to a 
second coil (W3) of said set of magnetically coupled coil 
pairs; and^^ 

20 d) repeating steps a) through c) until said 

predetermined number of conductors are wound onto said 
first plurality of stator teeth to form a first 
magnetically coupled coil pair (Wl, W3) of said set of 
magnetically coupled coil pairs (Wl, W3; W2, W4;...). 

12, The method according to claim 11 further 

including: 

winding said predetermined number of conductors 
on a second plurality of stator teeth of said stator body 
5 (9) in said brushless direct current motor to form a 
second magnetically coupled coil pair (W2, W4) of said set 
of magnetically coupled coil pairs (Wl, W3; W2, W4;...). 
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13. The method according to claim 12 wherein 
the step of winding said predetermined number of 
conductors on said second plurality of stator teeth 
includes the steps of: 

5 e) in a second partial coil winding step, 

simultaneously winding 2n conductors together onto a 
second plurality of stator teeth of said stator body; 

f) selecting a third group of said 2n 
conductors and assigning the third group n3 to a third coil 

10 (W2) of said set of magnetically coupled coil pairs; 

g) selecting a fourth group n^ of said 2n 
conductors and assigning the fourth group to a fourth 
coil (W4) of said set of magnetically coupled coil pairs; 
and, 

15 h) repeating steps e) through g) until said 

predetermined number of conductors are wound onto said 
second plurality of stator teeth to form said second 
magnetically coupled coil pair (W2, W4) of said set of 
magnetically coupled coil pairs (Wl, W3; W2, W4;...). 

14. The method according to claim 13 wherein; 
the first partial coil winding step includes 

simultaneously winding said 2n conductors onto said first 
plurality of stator teeth different from said second 
5 plurality of stator teeth; and, 

the second partial coil winding step includes 
simultaneously winding said 2n conductors onto said second 
plurality of stator teeth different from said first 
plurality of stator teeth. 

15. The method according to claim 14 wherein; 
the first partial coil winding step of 

simultaneously winding said 2n conductors onto said first 
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plurality of stator teeth includes simultaneously winding 
5 two conductors onto said first set of six stator teeth; 
and, 

the second partial coil winding step of 
simultaneously winding said 2n conductors onto said second 
plurality of stator teeth includes simultaneously winding 
10 two conductors onto said second set of six stator teeth. 

16. The method according to claim 11 wherein; 
the step of assigning said first group n^ of said 

2n conductors includes, prior to performing each said at 
least one first partial winding step, connecting said 
5 first group n-^ of said 2n conductors to a first electrical 
connection contact 15i on said stator body; and, 

the step of assigning said second group n2 of 
said 2n conductors includes, prior to performing each said 
at least one first partial winding step, connecting said 
10 second group nj of said 2n conductors to a second 
electrical connection contact 15jj on said stator body, 

17. The method according to claim 16 wherein: 
the step of assigning said first group rij of said 

2n conductors further includes, after performing said each 
at least one first partial winding step, connecting said 
5 first group n^ of said 2n conductors to a third electrical 
connection contact ISjji on said stator body; and, 

the step of assigning said second group n-^ of 
said 2n conductors further includes, after performing said 
each at least one first partial winding step, connecting 
10 said second group n2 of said 2n conductors to a fourth 
electrical connection contact 15^^ on said stator body, 

18. A stator made using the steps according to 

claim 11, 
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19. A stator made using the steps according to 

claim 13* 

Remarks 

Applicants respectfully request that the 
foregoing amendments be entered prior to substantive 
examination of the application. These changes are 
submitted to place the application in better form for 
examination. 
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entitled ^^STATOR WITH INJECTION MOLDED INSULATION LAYER 
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CONNECTION CONTACTS FOR USE WITH BRUSHLESS DIRECT CURRENT 
MOTORS" containing some subject matter overlap with the 
instant application * 
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STATOR AND STATOR WINDING METHOD FOR USE WITH BRUSHLESS 

DIRECT CURRENT MOTORS 

Background of the Invention 

The subject invention is directed toward the art 
of electric motor stator devices and, more particularly, 
to a stator apparatus and winding method for use in 
5 winding coils in brushless direct current motors. The 

method uses a series of partial coil windings steps 
including winding an even number of conductors together 
onto a set of stator teeth^ allocating half of the 
conductors to a first coil wound onto the stator teeth and 

10 allocating the second half of the conductors to a second 

coil wound onto the stator teeth. The above partial coil 
winding step is successively repeated until a 
predetermined number of conductors are wound onto a first 
set of stator teeth* The apparatus includes the device 

15 produced by the method. 

The invention is especially well suited for use 
in manufacturing electric motor stators for automotive 
applications where there is a need for easily activatable 
and inexpensive motors. Examples of typical such 

20 applications include electrically activatable hydraulic 

pumps in power assisted control systems. Although the 
present invention finds use in a wide variety of 
applications, with regard to hydraulic pump use, brushless 
direct-current motors, specifically four-phase direct 

25 current motors, are primarily suitable because of their 

high degree of efficiency and ease of maintenance. 
Accordingly, the present invention will be described in 
detail in connection with the four-phase direct current 
motor embodiment. 
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In accordance with known techniques, in order to 
enable extremely simple motor control, the coils forming 
separate phases of the motor are respectively frequently 
selected through use of an actuatable electronic switch 
5 device such as, for example, a power semiconductor. The 

coils are thereby intermittently connected, in a known 
fashion, with a source of direct current, When one phase 
in the respective coil is switched off/ a negative tension 
peak is created as a result of the coil self-induction, 

10 Typically, the negative tension peak relative to the 

normal direction of current is discharged via diodes that 
are polled in an inverse direction and, typically, are 
positioned in parallel to their respective electronic 
switch element. This results, however, in a corresponding 

15 current in the opposite direction which must be taken into 

consideration in the selection of the conductors forming 
the coil windings. The current intensity caused by self- 
induction can have a negative effect upon the efficiency 
of the motor, 

2 0 In order to solve the above problem, WO-A- 

96/22629 suggests to magnetically couple coil pairs in a 
four-phase direct current motor. As taught there, two 
coils are applied on each pole and/or each group of poles 
which are charged with a direct current in opposite 

25 directions in order to generate the desired opposite 

polarity of the magnetic fields generated by the coils. 
The orientation of the two coils need not be established 
by winding them in opposite directions on the stator, 
providing that the ends of the two coils are oppositely 

30 connected with respect to the source of direct current. 

As a result of the magnetic coupling of the two 
coils produced by means of the above technique, the 
tension induced in the respective coil from self-induction 
during discharge of the respective phase is compensated 
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for by a tension induced in the coupled coil. The stored 
magnetic energy is discharged via the diode which is 
arranged in parallel to the electronic switch selecting 
the coupled coil. This produces an improvement in the 
5 degree of motor efficiency. 

As a further improvement, it is known from WO-A- 
96/22629 that better results are obtainable when the coils 
are wound simultaneously. This results in a closer 
proximity of the wires of the two coupled coils and thus 

10 improves coupling inductivity. 

Since, however, due to the high currents 
experienced in brushless direct current motors, several 
parallel conducting wires are needed for each coil so as 
to better distribute the current load. Therefore, it 

15 becomes necessary in the prior art to allocate the loose 

wire ends of the two coils following the winding process 
during which all parallel wires of both coils are wound at 
the same time. To that end, in the prior art, it was 
necessary to at least mark the lead and trailing free ends 

20 of the coil wires or to subsequently undertake wire coil 

assignments by means of current passage measurements, or 
the like. All together, automation of the winding process 
and allocation of the free wire ends to the coils forming 
the motor and/or to the contacting of the coils 

25 electrically in an automated way was not possible. 

Accordingly, it is desirable to provide a method 
for winding a stator of a brushless direct-current motor 
whereby, as a result of simplification of the 
manufacturing method, automation of the winding process is 

30 made possible and, in addition, automation of the 

allocation of the free wire ends leading to the coils is 
also made possible. 
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It is further desirable to provide a motor 
stator that is constructed in accordance with the above 
method. 

5 Summary of the Invention 

The subject invention provides a stator winding 
method and a stator produced thereby which are simple, 
efficient, and easily automated. The stator winding 
method winds a predetermined number of conductors to form 

10 a set of magnetically coupled coil pairs on a plurality of 

stator teeth of a stator body in a brushless direct 
current motor, each set of coil pairs generating opposing 
magnetic fields in the plurality of stator teeth. The 
coil winding method includes at least one or a series of 

15 partial coil winding steps. In each partial coil winding 

step, 2n conductors are simultaneously wound together onto 
a first plurality of stator teeth of the stator body. A 
first group of a first half of the 2n conductors are 
assigned to a first coil of the set of magnetically 

20 coupled coils. A second group (the other half) of the 2n 

conductors are assigned to a second coil of the set of 
magnetically coupled coil pairs. The above partial coil 
winding steps are repeated until the predetermined number 
of conductors are wound onto the first plurality of stator 

25 teeth. 

The invention advantageously uses the results 
that are achieved by dividing the winding procedure for 
each pair of coupled coils (of the opposite phases) into 
a series of one or more partial winding steps. 
30 Significant simplification is attained in the 

manufacturing method and thus is easily extendable for 
automation. In each partial winding procedure, 2n are 
wound. In the preferred embodiment, two wires are wound. 
Thereafter, a first half of the 2n conductors are 
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allocated to the first coil and the other half to the 2n 
conductors are allocated to the other coil. In the 
preferred embodiment, a first wire is allocated to the 
first coil and the other wire is allocated to the second 
5 coil. 

In comparison with stators produced according to 
the known methods, stators produced according to the 
present invention have a further improved magnetic 
coupling between the coils of the respectively opposite 

10 phases. It is believed that the simultaneous winding of 

all the wires of the two coils and the allocation of the 
wire ends after the winding procedure produces a more or 
less random allocation and positioning of the individual 
wires within each single coil. By separation of the 

15 winding into partial winding steps, closer proximity of 

the individual wires of the coils or intermingling 
therebetween is achieved^ at least on balance, to arrive 
at a more uniform winding distribution as viewed in cross 
section through the coil. In particular, the above is 

20 especially true when winding only two wires respectively, 

one wire per coil, because the two wires are placed close 
to each other over the entire coil length. 

In addition to the above, an improved capacity 
of replicating the electrical properties of each stator 

25 produced in accordance with the present invention is 

enhanced. More particularly, through use of the present 
invention, the electrical properties of the stators 
produced thereby are very repeatable. 

In accordance with another aspect of the present 

30 invention, prior to each partial winding procedure, the 

lead terminal ends of the first half of the 2n conductors 
are allocated to a first connection contact. Similarly, 
prior to each partial winding procedure, the other half of 
the 2n conductors are allocated to a second connection 
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contact. In the preferred embodiment described below, the 
first conductor is allocated to the first connection 
contact and the other conductor is allocated to the second 
connection contact . 
5 After each partial winding operation, the 

trailing or other free end of the first half of the 2n 
conductors are allocated to a third connection contact and 
the trailing free ends of the other half of the 2n 
conductors are allocated to a fourth connection contact, 

10 In that way, the first and third connection contacts serve 

for electrical connections to the first coil and the 
second and fourth connection contacts serve for 
electrically connecting to the other coil. 

Allocation of the free ends of the wire leads 

15 prior to each partial winding procedure is preferably 

accomplished by means of soldering, welding, clamping, or 
the like. As a result of such fixing of the free ends of 
the coil wires, no additional holding or fixturing of 
these free ends is needed when the method of the invention 

20 is executed in an automatic winding device. After each 

partial winding procedure, the free trailing ends of the 
wires are likewise connected with the appropriate 
connection contacts. 

It is an advantage of the present invention that 

25 through use of the simultaneous winding of only two wires 

in accordance with the preferred embodiment, it is 
possible to maintain, in a simple fashion, the allocation 
of the wires during the entire winding procedure • 
Therefore, no additional measures are needed for the 

30 allocation, such as marking of the wires or passage of a 

measuring current therethrough to determine the coil- 
conductor correspondence . 

In the preferred apparatus embodiment of the 
invention, a stator is provided having connection contacts 
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preferably on a front side thereof. The connection 
contacts include a number of fastening means which 
correspond to the number of required partial winding 
procedures or operations. This guarantees that before and 
5 after each partial winding procedure, it is possible to 

readily connect the free wire ends (lead and trailing) 
with the appropriate connection contact (s). Thereby, for 
each wire end or for each group of n wires of the 2n 
simultaneously wound wires, an individual attachment means 
10 or a clamp is provided* 

Brief Description of the Drawings 

The invention may take physical form in certain 
parts and arrangements of parts, a preferred embodiment of 
15 which will be described in detail in this specification 

and illustrated in the accompanying drawings which form a 
part hereof, and wherein: 

FIGURE 1 is a schematic representation of a 
four-phase direct current motor with an associated motor 
20 control circuit; 

FIGURE 2 is a perspective view of a stator 
formed in accordance with the present invention; 

FIGURE 3 is a schematic representation of 
segments of the stator of Figure 1 unwound in lateral view 
25 illustrating the preferred winding method in accordance 

with an embodiment of the invention; and, 

FIGURE 4 is a perspective view of the stator 
represented in Figure 1 showing the motor control circuit 
mounted thereon in accordance with the present invention. 

30 

Detailed Description of the Preferred Embodiment 

Referring now to the drawings wherein the 
showings are for the purposes of illustrating the 
preferred embodiment of the invention only and not for 



purposes of limiting same/ Figure 1 depicts a schematic 
representation of a four-phase direct current motor 
including a stator 1 upon which are provided a plurality 
of stator coils Wl, W2, W3, W4 . The coils W1-W4 are wound 
5 on teeth or poles 3 {Fig. 2) of the stator 1. The 

indicated magnetic coil couplings are illustrated using 
the standard '^dof convention. The opposing magnetic 
phases I and III on corresponding coils Wl and W3, as well 
as opposing magnetic phases II and IV on corresponding 

10 coils W2 and W4 are realized by winding coils Wl together 

with coils W3 on the same (shared) set of stator teeth 
and, similarly, by winding the coils W2 and coils W4 on 
the same (shared) stator teeth. 

It is to be appreciated that opposite magnetic 

15 fields are produced in the regions of the stator poles 3 

facing the motor rotor (not shown) by winding or 
connecting the coils Wl and W3 or W2 and W4 appropriately 
and in a manner to be described in detail below. The 
opposite magnetic fields that are produced in accordance 

20 with the invention by winding or contacting the coils Wl 

and W2 or W2 and W4 is indicated in Figure 1 by the dot 
convention at the coils W1-W4. 

Each coil W1-W4 is connected on one end or one 
connection to a direct current source 5. The other end or 

25 other connection of each coil is connected with a 

selectively activated electronic switch SI, S2 , S3, 84, 
preferably a power semiconductor such as, for example, a 
field effect transistor (FET) , As illustrated, each 
switch S1-S4 is connected, at its control terminal with 

30 the motor control unit 7. The motor control unit 7 

connects the coils W1-W4 for specified time intervals in 
a known fashion with the direct current source 5 by 
appropriate activation of switches S1-S4. 
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With continued reference to Figure 1, a set of 
diodes Dl, D2 , D3, D4 are connected in parallel with each 
of the selectively actuatable switches S1-S4 . The diode 
orientation is preferably selected as shown so that 
5 current is conducted in a single direction in such a 

manner that the blocking of the associated diode occurs 
with each opening of the respective switch S1-S4 . 

As a result of coupling the respectively 
opposite phases I and II or II and IV and diodes D3 and Dl 

10 or D4 and D2, the discharge of the stored magnetic energy 

is achieved when the appropriate phase is switched off. 
This provides an improvement in the degree of efficiency 
of the motor. 

Turning now to Figure 2, the overall 

15 construction of the preferred embodiment of the subject 

stator 1 is shown in perspective view. As illustrated, 
the stator includes twelve (12) stator poles 3. The 
stator body 9 includes, in customary fashion, a base body 
portion 10 formed of packeted stator sheet metal pieces 

20 which are stacked to extend vertically relative to the 

longitudinal axis of the stator. The packet of stator 
sheet metal pieces are preferably formed initially in 
accordance with well known techniques such as the usual 
manner of stamp-press packeting, whereby, respectively, 

25 two or more stacked sheet metal pieces are joined together 

by application of spot pressure. 

In accordance with the present invention, the 
packet of stacked and joined stator sheet metal pieces is 
subsequently injection-coated with plastic in an injection 

30 molding operation, whereby a plastic layer is produced 

preferably at least within the interior regions of the 
stator teeth that are expected to come into contact with 
the conductors forming the windings of the coils W1-W4, 
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Because of the technique in accordance with the present 
invention of injection-coating interior regions of the 
stator teeth that are to come in contact with conductors 
of the coils forming the motor, it becomes no longer 
5 necessary to effect a powder coating of these regions in 

order to prevent damage to the insulation layer of the 
coil wires, particularly during the winding process. 

Still further in accordance with the invention, 
preferably simultaneously with the formation of the 

10 plastic coating insulation layer on the stator body in the 

injection molding process, a plurality of winding aids 11 
are injection-sprayed onto the frontal sides of the stator 
teeth in the same injection-molding operation. The 
winding aids 11 are disposed along the stator and are 

15 preferably shaped as shown for providing location guidance 

control for the coil wires during winding of the coils Wl- 
W4 . Further, the plurality of winding aids 11 

simultaneously fix the position of the portions of the 
coils that protrude beyond the frontal sides of the stator 

20 teeth 3. 

The upper side of the stator body 9 is provided 
with a sprayed-on support ring 13 having an outwardly 
extending shoulder portion 13a. The support ring is 
formed during the injection molding operation. After the 

25 support ring 13 is formed onto the stator, a plurality of 

electrical connection contacts 15 are selectively pressed 
in suitably arranged recesses formed in the circular wall 
defined by the shoulder 13a. To that end, the ring 13 is 
molded with a plurality of recesses for receiving terminal 

30 ends of the electrical connection contacts. Preferably, 

the connection contacts 15 are manufactured separately by 
pressing and bending sheet metal components into the 
preferred form illustrated. 
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A longitudinally extending wall 17 is formed by 
the support ring 13, the wall 17 extending above the 
shoulder 13a of the ring. The wall 17 is advantageously 
used for fixing and mounting of an electric motor control 
5 circuit board 18 as best shown in Figure 4, The control 

circuit may have, for said purpose, a spray-coated plastic 
stamped grid 19 with appropriate recesses 21 for mating 
with the wall 17 of the support ring 13 • The underside of 
the stamped grid 19 rests in abutting relationship on the 

10 shoulder 13a of the support ring 13. 

As further shown in Figure 4, the top regions or 
upper tab portions of the plurality of electrical 
connection contacts 15 connect with perforations 23 formed 
in conductor pathways 19a of the stamped grid 19, The 

15 upper tab portions of the electrical connection contacts 

15 preferably extend through the motor control circuit 
board 18 and can be joined with the conductor pathways 19a 
through simple mechanical connection, by means of 
soldering, welding, or the like. 

20 By injection-coating the packet of stacked 

stator sheet metal pieces with a plastic coating 
insulation layer in a single injection molding work step, 
whereby the interior regions of the stator teeth 3 are 
spray-coated and, concurrently, a ring 13 and winding aids 

25 11 are integrally formed and molded onto the stator, an 

extremely cost effective stator manufacturer is obtained. 
In addition, the arrangement of the plurality of 
connection contacts 15 directly at the stator 1 by press- 
fitting them into recesses provided in the support ring 13 

30 formed in the injection molding operation, permits simple 

electrical and mechanical connection between the lead ends 
of the stator coils and conductive portions of the motor 
control circuit 18. 
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With reference next to Figure 4, the preferred 
method for winding the stator in accordance with the 
present invention will be explained. As a starting point, 
it is to be noted that in the represented specific 
5 embodiment of the present invention, each of the coils W2- 

W4 extends over a totality of six (6) stator teeth 3, 
which are divided in a known fashion into respectively 
opposite groups of three each adjacent stator teeth. As 
noted above, these six (6) stator teeth each support two 

10 coupled coils, i.e. the coils Wl and W3 or W2 and W4 , In 

Figure 3, two of these groups are represented, whereby, 
hereinafter, for the sake of simplicity, these coils are 
identified as Wl and W3. The remaining six (6) stator 
teeth 3 of the coils W2 and W4 are wound in a similar 

15 fashion. In that regard, the method described below 

applies equally as well to the remaining stator teeth of 
the coils W2 and W4 and to more stator teeth and coil 
pairs for larger-sized stators. 

Each of the coils W1-W4 includes, due to the 

20 required high amperage capacity requirements, several 

partial windings of individual wires arranged in parallel. 
Multiple successive partial winding operations are 
performed until the coil is formed having the 
predetermined number of conductors. In accordance with 

25 the invention, in each case, 2 or 2n wires (an even number 

of wires) are simultaneously wound on the appropriate 
stator teeth 3 during each partial coil winding operation. 
In the preferred embodiment illustrated, a single pair of 
two (2) wires 25, 27 are wound on the appropriate stator 

30 teeth during each partial coil winding operation. 

In the two (2) wire embodiment, the lead ends of 
the wire pair 25, 27 are first respectively connected with 
a first electrical connection contact ISj and a second 



- 13 - 

electrical connection contact 15ii For that purpose, the 
electrical connection contacts are preferably bent into 
the shape of a V-shaped clamping groove 15a into which the 
stripped wire lead ends of the coils are embedded and at 
5 least temporarily fixed into place by bending the walls of 

the clamping grooves 15a together or by forming a 
connection loop. Electrical contact can be established in 
a number of ways such as, for example, with a separate 
welding device whereby the insulation of the wires is 

10 preferably perforated or removed simultaneously with the 

contacting step. 

After the lead ends of the wire pair 27, 27 are 
attached, the first stator tooth 3 of the first group of 
three teeth is wound up in a first partial winding 

15 operation. This is done, as shown, in a counter-clockwise 

direction in the specific embodiment depicted in Figure 3. 
After the desired number of windings have been applied, 
the next adjacent stator tooth is wound in the opposite 
direction with the desired number of windings. This is 

20 illustrated at the middle stator tooth 3 of the left group 

in Figure 3. Next, the last stator tooth of the first 
group of three is wound with the desired number of 
windings in a counter-clockwise direction as shown. This 
is illustrated at the right stator tooth 3 of the left 

2 5 group in Figure 3. 

Thereafter, the first stator tooth of the 
diametrically opposite group of three (in Figure 3 the 
right stator tooth of the right group of three) is wound 
in a clockwise direction as shown. The winding of the 

30 second group of three stator teeth is executed in a 

fashion similar to the first group of three stators 
wherein the middle stator tooth is wound in a counter- 
clockwise direction and the left stator tooth is wound in 
a clockwise direction. 



After winding the last stator tooth of the 
second group of three (left stator tooth of the right 
group of three in Figure 3) the end of wire 25 is 
connected with the third connection contact ISm and the 
end of wire 27 with the fourth connection contact 15iv. 
Allocation of the wire ends to the connection contacts 15 
is initially unimportant for this first partial winding 
step. Of course^ a record must be kept of which of the 
connection contacts 15 corresponds to these coils Wl and 
W3, In other words, it must be known for future actuation 
of coils which of the two coils corresponds to which of 
the two connection contacts. The coils Wl and W3 are 
equivalent, since they have the same winding directions. 

Upon completion of this first partial winding 
step, second, third, fourth, etc. partial winding steps 
are performed in similar fashion. The only difference 
consists in that the wire ends are connected to additional 
fastening means or clamping grooves 15a of the first to 
fourth connection contacts 15i-15iv. This makes possible 
simple attachment of the wire ends without the necessity 
of first loosening the previously wound wires. 

Attention must be paid, however, with respect to 
said second and eventually subsequent partial winding 
steps that the allocation selected in the first partial 
winding step for connection contact 15i and to one 

coil, for example to coil Wl, or the allocation of 
connection contacts 15ii and IS^^ to the other coil, for 
example coil W3, is adhered to. 

It is customary, however, to establish from the 
very beginning of the series of partial winding operations 
that certain connection contacts correspond to certain 
coils or coil ends. 
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By allocation the wire ends to certain 
connection contacts prior to the actual winding and by 
maintaining the allocation during the partial winding 
step, it is possible, in simple fashion, to correctly 
5 connect, after the partial winding process, the wire ends 

to the correct connection contacts without the need for 
additional measures, such as the marking of wires or the 
performance of passage measurements. This is particularly 
true with respect to a small number of simultaneously 

10 wound wires (preferably two wires) . 

Furthermore, by fixing the conductor lead ends 
immediately prior to each partial winding step and the 
trailing ends immediately after each partial winding step, 
there is the benefit that loosening of the windings is 

15 avoided, particularly loosening of the last windings. 

Handling ability of the wound stators during motor 
installation is also improved, since it is not possible 
for the ends of the windings forming the conductors to 
detrimentally affect the installation. 

20 All in all, as many partial winding steps are 

performed as is necessary for obtaining the required 
number of parallel wires for each coil Wl, W3. The number 
of fastening means or clamping grooves 15a at the 
connection contacts preferably corresponds, in such 

25 arrangement, to the number of the required partial winding 

steps . 

The two coupled coils W2 and W4 are produced in 
similar fashion, and attention is to the paid that the 
direction of the windings are also correctly selected for 
30 the already established coils Wl and W3. 

The described method is, of course, not only 
applicable with respect to four-phase direct current 
motors, but can also be applied for motors with any random 



(even) number of phases, whereby, in each case, the coils 
of two phases are magnetically coupled. 

The invention has been described with reference 
to the preferred embodiment. Obviously, modifications and 
alterations will occur to others upon a reading and 
understanding of this specification. It is intended to 
include all such modifications and alterations insofar as 
they come within the scope of the appended claims or the 
equivalents thereof . 
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(S4^1ttle: STATOR AND STATOR WINDING METHOD FOR A BRUSHLESS DIRECT-C URRENT MOTOR 

(54)|:Bezciclinung: STATOR UND VERFAHREN ZUM BEWICKELN EINES STATORS FOR EINEN BORSTENLOSEN GLEICH- 
i STROMMOTOR 

(57) Abstract 

Disclosed is a stater winding mctiiod for 
a bnishless direct-current motor including a 
stator body (9) with a number of stator teeth 
(3), each of wliich is wound with two mag- 
netic-coupling coils (Wl, W3; W2, W4) en- 
abling contrary magnetic fields to be created 
due to the fact ttiai the cunent in said coils 
flow in two opposite directions and that each 
of the two coils (Wl, W3; W2, W4) is com- 
prised of a number of conductors connected in 
parallel. According to the invention, the stator 
teeth (3) are wound in various partial-binding 
operations with two conductors (25, 27) or an 
even number of 2n conductors, of which one 
(25, 27) or n conductor from the 2n conduc- 
tors is assigned to one coil, while the other of 
the two conductors (25, 27) or the otiier n conductors of the 2n conductors is assigned to the other coil. A number of partial-winding 
operations arc performed until the set number of conductor per coil (Wl, W3; W2, W4) has been reached. Hie invention also relates to an 
appropriate stator. 




09/508934 

'"^ 430Rec'dPCT/PTO I7MAR 2000 

Translation 

Stator and Stator-w inding Method for a Brushless Direct Current Motor. 

The invention relates to a stator-winding method for a brush-less direct current motor 

with the characteristics of the Preamble to Patent Claim 1, as well as an appropriate stator with 

the characteristics of the Preamble to Patent Claim 5. 

Specifically in automotive engineering there is a need for employing cost-effective motor-driven 
driving mechanisms, which are rather simple to control and quite inexpensive to produce, for 
example for an electrically controllable hydraulic pump for power steering. With respect to the 
mentioned application case, primarily brushless direct-current motors, specifically four-phase 
direct-current motors, are suitable because of their high degree of eflficiency and ease of 
maintenance. 

In order to permit extremely simple motor control, the coils realizing one phase respectively are 
fi-equently selected via one actuatable electronic switch, for example a power semiconductor and 
are intermittently connected, in the required fashion, with a direct current source. There is, 
however, the problem that each time when one phase in the respective coil is switched off, a 
negative tension peak is created as a result of self-induction, which may be, relative to the normal 
direction of current, discharged via diodes poled in inverse direction, which are positioned parallel 
to the respective switch element. This results, however, in a corresponding current in opposite 
direction, which must be taken into consideration in the selection and which, moreover, has a 
negative effect upon the eflficiency of the motor. 

For solving said problem, it is known, for example fi-om WO-A 96/22629, to magnetically couple 

two coils each of a four-phase direct current motor. For said purpose, two coils each are applied 
on each pole and/or each group of poles, which are charged with direct current in the opposite 
direction in order to generate the desired opposite polarity of the magnetic fields generated by 



2 



same. The coil orientation of the two coils can be the same. It suffices that the ends of one of the 
two coils are inversely connected with the source of the direct current. 

As a result of the thus produced magnetic coupling of the two coils, the tension induced in the 
respective coil from self-induction during discharge of the respective phase is compensated for 

by a tension induced in the coupled coil. The stored magnetic energy is discharged via the diode 

which is arranged in parallel to the switch selecting the coupled coil. This produces an 
improvement in the degree of efficiency. 

It is also known from WO-A-96/22629 that an improvement results of the magnetic coupling of 
the coils of the opposite phase of such four-phase direct current motor if the coils are wound 

simultaneously. This results in closer proximity of the wires of the two coupled coils and thus 
greater coupling inductivity. 

Since, however, due to the high currents, several parallel conducted wires are needed for each 
coil, it was necessary, following the winding process during which all parallel wires of both coils 
are wound at the same time, to allocate the wire ends to the two coils. To that end it was 
necessary to at least mark the ends of the wires or to subsequently undertake allocation of the 
wire ends by means of passage measurements. Altogether, automation of the winding process and 
allocation of the wire ends to the coils and/or the contacting of the coils was not possible. 

Based on said state of the art, it is the object of the invention to create a method for winding a 
stator for a brushless direct-current motor and an appropriate stator, whereby, as result of 
simplification of the manufacturing method, automation of the winding process is possible and 
allocation of wire ends to the coils. 
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The invention solves this object with the characteristics of Patent Claims 1 and/or 5. 

The invention proceeds from the recognition that as a result of dividing the winding procedure for 
two each coupled coils (of the opposite phases) into partial winding steps, significant 
simplification is attained in the manufacturing method and thus easy automation capability. 

In each partial winding procedure, 2n preferably however only two wires are wound, whereby 
one half of the wires or one of the two wires of the one coil and the other half of the wires or the 
other of the two coils are allocated to the other coil. 

In comparison with the stators produced according to the known method, there is the added 
benefit that the stators produced according to the method of the invention have, as a rule, a 
further improved magnetic coupling of the coils of the respectively opposite phases. This can be 
explained in that with simultaneous winding of all wires of the two coils and allocation of the v^re 
ends after the winding procedure, there was, more or less, random allocation and positioning of 
the individual wires within one coil. By separation into partial winding steps, closer proximity of 
the individual wires of the coils is achieved, at least on balance, or more uniform distribution 
(viewed across the winding cross section). Particularly with the winding of only two wires 
respectively (one wire per coil) it is attainable that these two wires are placed close to each other 
over the entire length of the coil 

In addition, this results in an improved capacity of replicating the electrical properties of the 
stator. 

According to a preferred specific embodiment of the method according to the invention for 
allocation of conductors to the two coils, prior to each partial winding procedure, the one 
terminal end of the two conductors or the terminal ends of n of the 2n conductors are allocated 
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to a first connection contact and the terminal ends of the other of the two conductors or the 
terminal ends of the other n of the 2n conductors are allocated to a second connection contact. 
After each partial winding procedure, the other end of the one of the two conductors or the other 
ends of n of the 2n conductors are allocated to a third connection contact and the other end of the 
other of the two conductors or the other ends of the other n of the 2n conductors are allocated to 
a fourth connection contact. The first and third connection contact thus serve for contacting the 
one coil and the second and fourth connection contact serve for contacting the other coil. 

Allocation prior to a partial winding procedure is preferably done in that the (beginning) ends of 
the wires are connected with the appropriate connection contacts, for example by means of 

soldering, welding or clamping. As a resuh of said fixing, no additional holding of these ends is 
needed vAth an automatic winding device. After the partial winding procedure, the (posterior) 

ends of the wires can likewise be connected with the appropriate connection contacts. 

In particular, with simultaneous winding of only two wires, it is possible to maintain in simple 
fashion the allocation of the wires during the entire winding procedure, so that no additional 
measures are needed for allocation, such as marking of the wires or passage measurings. 

In the preferred specific embodiment of the stator according to the invention, connection contacts 
are preferably provided at one front side of the stator, said connection contacts having a number 
of fastening means which correspond to the number of the required partial winding procedures. 

This guarantees that before or after each partial winding procedure it is possible to readily connect 
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the wire ends with the appropriate connection contacts, whereby for each wire end or for each 
group of n wire ends of 2n simultaneously wound wires there is available an individual attachment 
means or a clamp. 



Additional specific embodiments of the invention are apparent fi-om the sub-claims. 



In the following, the invention is explained in more detail, making use of an exemplary 
embodiment represented in the drawing: 



Fig.Jjhows 

Fig 2 shows 
Fig. 3 shows 



Fig. 4 shows 



a schematic representation of a four-phase direct current motor 
with associated actuation circuit; 

a perspective representation of a stator according to the invention; 
a schematic representation of segments of an unwound later view of the 
stator in Fig. 1, in order to provide an explanation of the winding 
procedure and 

a perspective representation of the stator in Fig. 1 in mounted 
control circuit. 



Fig. 1 depicts a schematic representation of a four-phase direct current motor with a stator 1, 

on which are provided stator coils Wl, W2, W3 and W4. The coils Wl to W4 are wound on 
teeth or poles 3 of stator 1 . The indicated magnetic coupling of the opposite phases I and III 

or the corresponding coils Wl and W3, and also phases II and IV or the corresponding coils W2 
and W4 is obtained in that the coils Wl and W3 or the coils W2 and W4 are wound on the same 
stator teeth. 
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The winding or contacting of the coils Wl and W3 or W2 and W4 takes places in such manner 
that opposite magnetic fields are produced in the teeth or poles of areas in firont of the stator poles 
3, facing a not shown rotor. This is indicated in Fig. 1 by the dots at the coils Wl to W4. 

Each coil is connected with one end or one connection to a direct current source 5. The 

respective other end or the respective other connection of each coil is connected with a 
controllable electronic switch SI, S2, S3, S4, which can be designed, for example, as 

power semi conductor (e.g. Power Field Effect Transistor). Each switch SI to S4 is connected 
with its control inlet with a motor control unit 7, which connects, in known fashion, the coils Wl 
to W4 with the direct current source for certain periods of time by appropriate selection of 
switches SI to S4. 

Placed in parallel to each controllable switch SI to S4, is a diode Dl to D4, whereby the 

passage direction of the diodes is selected in such manner that upon closing of the appropriate 
switch, the associated diode becomes blocked. 

As already explained, as a result of coupling the respectively opposite Phases I and III or II and 
IV and diodes D3 and Dl and D4 and D2, discharge is obtained of the stored magnetic energy 
during the off-switching of the respective phase, which guarantees an improvement of the 
efficiency of the motor. 

Fig. 2 depicts the constructive design of an appropriate stator 1 in perspective view. The 
indicated stator has twelve stator poles 3. The stator body 9 comprises in customary fashion 
packaged stator metal sheets, which extend vertically vis-a-vis the longitudinal axis of the stator. 
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The packet of the stator metal sheets can be initially produced in the usual fashion by stamping the 
packet together with two or more each of the metal sheets being joined by means of exertion of 

spot-pressure. 

Subsequently, the package of stator metal sheets is spray-coated with a plastic body, with plastic 
coating being also generated in the interior of the stator teeth. Consequently, it is no longer 
necessary, as in the past, to provide a powder coating for these regions of the stator teeth in order 
to avoid damage to the insulation layer of the coil wires, specifically during the winding 
procedure. 

At the same time, winding aids 1 1 are molded to the front sides of the stator teeth 3, which act as 
a guide for the wires during the winding of the coils Wl to W4, and which, concurrently, fix in 
their position those parts of the coils which protrude beyond the front sides of the stator teeth 3 . 

At one upper side, the stator body 9 has a molded-on ring 13 with a shoulder 13 a. Into said 
frontal shoulder 13 a, connection contacts 15 are pressed in . To that end, ring 13 is molded with 
appropriate recesses for the connection contacts, into which then connection contacts 15, made of 
sheet metal by means of stamping or bending, are pressed in vdth their terminal lugs. 

The upwardly extendmg wall 17 of ring 13, above the shoulder 13a of ring 13 serves for fixing 
and fastening a control circuit 17, as is evident from Fig. 4. The control circuit can have a 
plastic-coated stamped grid 19 with an appropriate recess 21, which engages with wall 17 of ring 
13. The underside of the stamped grid 19 can rest on the shoulder 13a of ring 13. 
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The connection contacts 15 engage with the contacting perforations 23 in the conductor tracks 
19a of the stamped grid 19 and can be joined with same by means of soldering or similar method. 

As a result of spray-coating with plastic the packet of the stator metal sheets in one single work 
step, whereby the interior regions of the stator teeth 3 are spray-coated and, at the same time, ring 
13 and the winding aids 1 1 are spray-molded on, one obtains extremely cost-eflfective 

manufacturing of stator L 

In the following, the method for winding stator 1 is a explained in more detail, making use of 
Fig, 3. 

It should first be noted that in the represented exemplary embodiment each one of coils Wl to 
W4 extends over a totality of six stator teeth 3, which are divided, in known fashion, into two 
each other radially facing groups of three each adjacent stator teeth. As already explained, these 
six stator teeth respectively support two coupled coils, i.e. coils Wl and W3 or W2 and W4. 
Two of these groups are depicted in Fig. 3, whereby, hereinafter, these coils are identified for the 
sake of simplicity as Wl and W3. The remaining six stator teeth 3 for coils W2 and W4 are 
wound in similar fashion. In this regard, the method described below is to be employed in the 
appropriate manner. 

Each of the coils Wl and W3 comprises, due to the required high current intensities, several, in 
parallel arranged partial coils of individual wires. According to the invention, in each instance, 2 
or 2n wires (i.e. an even number of wires) - in the represented exemplary embodiment the two 
wires 25, 27 - are simultaneously wound on the appropriate stator teeth 3. 



To that end, the beginning ends of the 2 wires 25, 27 are first respectively connected with a first 
15j and a second 15jj of the connection contacts 15. For that purpose, the connection contacts 
present V-shaped clamping grooves 15a, into which the (insulated) wire ends are embedded and 

are fixed and contacted by pressing together the walls of the clamping grooves 15a. 

After fixing of the wire ends, the first stator tooth 3 of the first group of three is wound. This is 
done in counter-clockwise direction with respect to the exemplary embodiment represented in 
Figure 3. Following application of the desired number of windings, one then proceeds to the 
neighboring stator tooth, and the latter is wound in opposite direction with the desired number of 
windings (the middle stator tooth 3 of the left group in Fig. 3). Finally, one proceeds to the last 
stator tooth of the first group of three and it is provided with the desired number of vwndings. 
This again is done in the winding direction of the first stator tooth. 

After that, one proceeds to the first stator tooth of the diametrically opposed group of three 

(in Fig. 3, the right stator tooth of the right group of three) and said stator tooth is wound. The 
winding of this second group of three of the stator teeth is done in similar fashion. 

After the winding of the last stator tooth of the second group of three (the left stator tooth of the 
right group of three in Fig. 3), the end of wire 25 is connected vAth the third connection contact 
15jjj and the end of wire 27 with the fourth connection contact ISjy. The allocation of the wire 
ends to the connection contacts 15 is initially insignificant with respect to said first partial wnding 
step. What must, of course, be observed is which of the connection contacts 15 corresponds to 
said coils Wl and W3. In other words, for fiiture selection of coils it must be known which of the 
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two coils corresponds to what two connection contacts. The coils Wl and W3 are equivalent to 
each other, since they present the same winding direction. 

Following completion of said first partial winding step, a second partial winding step is 
undertaken in like fashion. The only difference being that the wire ends are connected with 
additional attachment means of clamping grooves 15a of the first to fourth connection contacts. 

This makes possible simple attachment of the wire ends without the need of loosening the 
previously wound wires. 

In these and perhaps additional partial winding steps, attention must be paid, however, that with 

respect to the first partial winding step, the selected allocation of the connection contacts 15j and 
15jjj to the one coil is observed, for example the first coil Wl, and/or the connection contacts 

15jj and ISjy to the other coil, for example, coil W3. 

Usually, however, one must establish fi-om the very beginning that certain connection contacts 
correspond to certain specified coils or coil ends. 

By already allocating the wire ends to certain connection contacts prior to the actual winding and 
observance of said allocation during the partial winding procedure, it is possible, in simple fashion, 
without additional measures, such as marking of the wires or implementation of passage 
measurements, to correctly connect, following the partial wind procedure, the wire ends with the 
proper connection contacts. It applies specifically to a small number of simultaneously 

wound wires (preferably two wires). 
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Overall, as many partial winding procedures are carried out as are necessary in order to reach the 

required number of parallel wires per coil Wl, W3. The number of attachment means or clamping 
grooves 15a preferably corresponds to the number of the required partial winding steps. 

The two other coupled coils W2 and W4 are manufactured in similar fashion, whereby attention 
needs to be paid that the orientation of the winding must also be correctly selected with 

respect to the already provided coils Wl and W3, 

The represented method is, of course, not only applicable with respect to four-phase direct 
current motors, but also for motors with any (even) number of phases, whereby, in each case, the 
coils of two phases are magnetically coupled. 
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Patent Claims 

1 . Method for winding a stator for a brushless direct current motor, 

a) which has a stator body (9) with a pre-determined number of to 
be wound stator teeth (3), 

b) wherein the stator teeth (3) are respectively wound with two coils (Wl, W3; 
W2, W4), which are magnetically coupled and which permit the generation 
of opposite magnetic fields by the supply of current with variable directional 
orientation, and 

c) wherein each of the two coils (Wl, W3; W2, W4) comprises a predetermined 
number of conductors placed in parallel, 

characterized in that 

d) the stator teeth (3) are each simuhaneously wound, in several partial winding 
steps, with two conductors (25, 27) or an even number of 2n conductors, 

e) that one of the two conductors (25, 27) or n conductor of the 2n conductors of 
the one coil and the other of the two conductors (25, 27) or the other n conductor 
of the 2n conductors are allocated to the other coil 

and 

f) that a predetermined number of partial winding procedures is performed until the 
predetermined number of conductors per coil (Wl, W3; W2, W4) has been 
reached. 
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1, Method according to Claim 1, characterized in that for allocation of the conductors 

(25, 27) to the two coils (Wl, W3) prior to each partial winding procedure, the one end of 
the one (25) of the two conductors (25, 27) or the one end of n of the 2n conductors are 
allocated to a first connection contact (15j) and the one end of the other (27) of the two 
conductors (25, 27) or the one end of the other n of the 2n conductors are allocated to a 
second connection contact (15jj) and that after each partial winding procedure the other 
end of the one (25) of the two conductors (25, 27) or the other end of the n of the 2n 
conductors are allocated to a third connection contact (ISjjj) and the other end of the 
other (27) of the two conductors (25, 27) or the other ends of the other n of the 2n 
conductors are allocated to a fourth connection contact (15jy). 

3, Method according to Claim 2, characterized in that the one end of the one (25) of the 

2 conductors (25, 27) or the one end of n of the 2n conductors are connected, prior to the 
partial winding procedure, with the first connection contact (15j) and the one end of the 
other (27) of the two conductors (25, 27) or the one ends of the other n of the 2n 
conductors with the second connection contact (15jj). 

4. Method according to one of Claims 1 to 3, characterized in that the simultaneously 
wound conductors (25, 27) are conducted in close proximity during the winding 
procedure and preferably in a position maintained beyond the windmg procedure. 



5. 



Stator for a brushless direct current motor, 

a) which presents a stator body (9) with a pre-determined number of 
wound stator teeth (3), 
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b) wherein the stator teeth (3) are respectively wound with two coils (Wl, W3; 
W2, W4) which are magnetically coupled and which facilitate by the 

supply of current of variable directional orientation the generation of opposite 
magnetic fields, and 

c) wherein each of the two coils (Wl, W3 or W2, W4) comprises a predetermined 
number of in parallel arranged conductors, 

characterized in that 

d) two each conductors (25, 27) of which one conductor is allocated to the one coil 
and the other conductor to the other coil, or 2n conductors, of which n 
conductor is allocated to the one coil and the other n conductors to the other 

coil, are conducted in a substantially constant position vis-a-vis each other over 
the entire coil length . 

6. Stator according to Claim 5, characterized in that two each or 2n conductors are 
conducted in close proximity. 

7. Stator according to Claim 5 or 6, characterized in that the stator body (9) presents, 
preferable at one frontal side, connection contacts (15), which respectively are 
connected with the ends of the respective two, the magnetically-coupled coils 

(Wl, W3; W2, W4) forming conductors. 
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8. Stator according to Claim 7, characterized in that the connection contacts (15) 
simultaneously serve for electrical contacting and mechanical fastening of a control 
circuit (17) preferably having a stamped grid (19) or a printed conductor plate. 

9. Stator according to one of Claims 5 to 8, characterized in that the first and the second 

(15 J, 15jj), preferably also the third and fourth connection contacts (ISjjj, 15jy) 

have means of attachment (15 a) which facilitate successive connection, specifically 

clamping of conductor ends without the need of loosening already connected conductor 
ends. 

10. Stator according to one of Claims 5 to 8, characterized in that the connection 
contacts (15) have a number of attachment means (15a) which correspond in number 
to the required partial winding steps according to the method to one of Claims 1 to 4. 
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